Introduction
Power transformer that has a significant influence on the safety of the power grid so much is an important device for converting voltage and transmitting electrical energy in power system. If it is not handled in time that abnormal phenomenon of transformer appear during operation, the transformer may suffer serious failure, even more can be burned down, which will directly affect the normal operation of the entire power system, resulting in economic losses and even negative social impact.
According to the statistical analysis of previous data, the causes of damaging transformer interior are mainly divided into two categories: superheat fault and discharge fault. The magnetic circuit or the conductive circuit is a common part that is considered to cause transformer overheating faults. The reasons that make transformer overheat can be composed by overheating of the winding, poor contacting of tap-changer, overheating of lead wire diversion, overheating of lead wire connector, multipoint grounding of the iron, magnetic flux leakage leading to overheating, cooling device's fault, partial overheating due to foreign matter and so on. The cause of transformer discharge faults are consisted of partial discharge, spark discharge, electric arc discharge and so on.
Cases
When a 20000kVA transformer in a 66kV substation is subjected to periodic transformer oil gas chromatographic analysis, the standard value required by the procedure is far exceeded because of the abnormality of the characteristic gas components found in the oil. The data on the gas content of the transformer in the near future is shown in Table 1 : 
Finding fault location

Finding fault cause
According to the transformer insulation oil gas chromatographic analysis data, large amounts of CH 4 and C 2 H 4 are contained in the oil. It is very likely that there is an overheating fault in the interior. Or there may be a discharge failure in result of the C 2 H 2 content reaching 28.38μL/L. Meanwhile the CO and CO 2 content is also high, so solid insulation may be involved in the fault. Next, the three ratio method and four ratio method are used to further determine the property and location of the fault. Table 2 The rules of The three-ratio encoding method
Judging the property of the fault by the three ratio method
The ratio of characteristic gas Ratio range coding
According to the coding rule of the three-ratio method, a set of ratios of the characteristic gas components that are included in transformer body insulation oil in 2016 is calculated. As shown in table 3: According to the coding rule of the three-ratio method, the coding combination of a group of test data in the table is "0, 2, 2". Chromatographic analysis is the same. Based on the procedural standards, the corresponding fault type is determined as high temperature overheating. It is a discharge phenomenon on account of that C 2 H 2 content is 28.38μL/L. Therefore, it is initially determined that the fault is a high-temperature over-temperature and discharge fault.
Determining the fault location by the four-ratio method
In the four-ratio method, the fault location is on magnetic circuit when the four characteristic gases of CH 4 , C 2 H 4 , C 2 H 6 , C 2 H 2 , and H 2 are simultaneously satisfied with the four conditions of CH 4 /H 2 =1~3, C 2 H 6 /CH 4 <1, C 2 H 4 /C 2 H 6 ≥3, and C 2 H 2 /C 2 H 4 <0.5, otherwise on conductive circuit. CH 4 /H 2 =3.02 by calculation, which is not in the range of 1~3, the fault location is determined on the conductive circuit. In addition, transformer is tested that iron ground current value is less than 100mA, insulation resistance is greater than 1000MΩ.Excluding the multi-point grounding fault of the iron is consistent with the judgment result of the four-ratio method.
Locating the fault location
Combined with the gas chromatographic analysis, there are four main reasons why transformer fault may exist: (1)poor contacting of tap-changer; (2)loose bolt of lead wire clips or poor welding of linker and short circuit in windings; (3)the fault of lead wire diversion; (4)short circuit in windings, broken strands, poor insulation between layers.
The third day after the transformer gas chromatographic analysis exceeded the data, the transformer was subjected to power cut and four electrical tests in insulation resistance, DC resistor, transformation ratio, dielectric loss, and capacitance. Transformer insulation resistance test data is shown in table 4: 
Conclusion
According to the relevant standards, the test is qualified that the insulation resistance of the transformer is not lower than 70% of the factory test value at the same temperature, and the absorption ratio is not less than 1.3 or PI is not less than 1.5 or the insulation resistance is greater than 10000MΩ by comparison.
Transformer DC resistance data is tested as shown in table 5: 
The test is qualified that The deviation between the transformer capacity and the factory value is less than 3%, meanwhile tg δ is not more than 0.8% (20°C, 66kV~220kV) or 0.6% (20°C, 500kV) and is not more than 130% of the factory temperature at the same temperature by comparison.
Transformer ratio data is tested as shown in table 7: According to the above test data analysis: The traditional test items of the transformer meet the requirements of the regulations and have not grown significantly, such as the dielectric loss and capacitance of the transformer. The tap-changer in poor contact, loose bolts of lead clips or linker are badly welded, short circuit between winding turns, broken strands, and poor insulation between layers are ruled out as a result of overheating. Lead wire diversion was judged to be the cause of the transformer overheating through combining the results of gas chromatographic analysis in oil.
Core inspection
The core inspection was performed on the transformer after confirming the fault location. C phase lead cable of the transformer high-voltage side was found to have obvious signs of overheating and discharge due to contact with the root of the inner wall of the copper pipe of the high voltage casing, external insulation damage, and partial exposed wires. This is consistent with the results of our previous trial judgments. This is the lead wire diversion fault that is the closed loop formed at the contact point between the inner wall of the copper pipe of the casing and the lead cable, and generates heat and discharge when the load current flows. The actual scene is shown in figure 1 and figure 2 . 
Conclusions
In the process of finding internal transformer faults, transformer oil is sampled for data analysis that based on the analysis of insulating oil gas chromatography. Transformer overheating fault caused by conductive loop by using the three-ratio method and the four-ratio method combined with the transformer iron grounding current test method. Meanwhile ,the three possible causes of overheating that are poor contacting of tap-changer, Loose bolt of lead wire clips or poor welding of linker and short circuit in windings, broken strands, poor insulation between layers have been ruled out by conventional testing methods such as transformer insulation resistance, DC resistor, transformation ratio, dielectric loss and capacitance. The final judgment is that the lead wire diversion is the cause of the transformer overheating fault. Checking the location of the fault by inspecting core of the transformer, Fault type is judged to be consistent with previous analysis. Gas chromatographic analysis technology combined with traditional electrical test methods is fully demonstrated to determine the accuracy and scientificity of transformer internal faults in working. This is an effective method and has the value of promotion and application. It is a great role in guiding the transformer fault diagnosis on the spot for electrical tester on-site judgment in the future.
